vard Medical Practice Study protocol and its derivatives. [9] [10] [11] [12] [13] [14] [15] [16] [17] The ethics boards of the University of British Columbia, University of Alberta, University of Calgary, University of Manitoba, University of Toronto, Dalhousie University and Memorial University approved the study. We obtained ethics approval from the local hospitals where required.
Study sample
We established 7 geographic nodes, each of which consisted of 1 academic pediatric centre and 2 community hospitals (Appendix 1, available at www.cmaj.ca /lookup/suppl /doi:10.1503 /cmaj.112153/-/DC1). One node included 2 smaller academic centres owing to the lower provincial populations in that area.
We defined academic pediatric centres as pediatric hospitals with a full-time core postgraduate training program in pediatrics and pediatric surgery in addition to a level 3 neonatal intensive care unit (ICU). Participating academic pediatric centres contributed to the cost of training reviewers and auditing charts locally. Two of the 10 academic pediatric centres declined the invitation to participate in the study and were not replaced.
Community hospitals were eligible for inclusion if they had 1000 or more pediatric admissions (including newborns) from April 2008 through March 2009 (fiscal year 2008/09), a neonatal ICU or special care nursery, and no fulltime core pediatric or pediatric surgical residency training. We limited the sample, where possible, to hospitals within 250 km of the node's academic pediatric centre. One of the community hospitals that was invited to participate could not obtain ethics approval, and the next community hospital for that node was substituted.
Participating hospitals consented to local chart audit. In total, 240 charts per academic site (120 per Atlantic site) and 140 per community hospital yielded 3640 hospital admissions for review, with the power to detect a real difference in the incidence of adverse events between types of hospital assuming an incidence of 15% (α = 0.05, β = 0.90). We ensured oversampling to allow for unavailability of 10% of charts.
Using a standardized algorithm, the decision support or health/medical records analysts selected a stratified random sample of admissions (patient charts) for each participating hospital. Admissions for patients less than 19 years of age with a stay in hospital lasting 24 hours or more were eligible for inclusion in our study. We excluded patients with a most responsible diagnosis related to obstetrics or psychiatry, those who died within 24 hours of admission and those (except newborns) who were transferred from or to another acute care hospital during the index admission.
Patients were selected randomly from 4 predetermined age groups: 0-28 days (newborns), 29-365 days, older than 1 year to 5 years of age, and older than 5 years to 18 years of age. The chart sample selected for newborns reflected the proportion of newborns in Canada admitted to neonatal ICUs for 24 hours or more (12.8%, as shown in the Discharge Abstract Database, 2007 Database, -2008 . For patients who were not newborns, we sampled charts from medicine and surgery. We weighted adverse event results to reflect the national 2008 ratio for pediatric admissions to medicine and surgery (2:1) based on partition codes in the Discharge Abstract Database.
Primary outcome
Our primary outcome was an adverse event that occured within 3 months of the index admission and was detected during that stay in hospital or within 3 months of discharge from hospital. We defined an adverse event as an unintended injury or complication caused by health care management resulting in disability at discharge, death, prolonged stay in hospital or a subsequent admission to hospital. [9] [10] [11] [12] [13] [14] [15] [16] [17] We defined "health care management" as including the decisions and actions of individual members of hospital staff in addition to the broader systems and processes of care. Physician reviewers assessed cause and preventability using a structured review of patient records. To qualify as an adverse event, the event was judged by the physician reviewer as more than 50% likely to have been caused by health care management. We considered adverse events to be preventable if judged to have been more than 50% preventable.
The incidence of adverse events was defined as the weighted percentage (by provincial distribution of pediatric patients by hospital type) of patients with an adverse event. Before starting the study, all of the reviewers participated in a 2-day training session in which 19 anonymized pediatric hospital charts were reviewed using a customized training manual. We determined the proportion agreement on each of the cases addressed during training. During stage 1, agreement was based on whether the reviewer selected one or more triggers or no triggers (trigger positive v. trigger negative); for stage 2, agreement was based on whether the physician designated each case as having had an adverse event.
Data collection
The reviewers entered the data directly into a secure web-based database at the University of Toronto Institute of Health Policy, Management and Evaluation and stored for later analysis.
Statistical analysis
We calculated the number and percentage of charts from stage 1 with a positive result for any of the 35 triggers identified using the tool (Appendix 2). We analyzed the data from stage 2 to determine the incidence and preventability of adverse events, including their distribution by type of hospital (academic pediatric centre v. community hospital), age group, degree of harm and responsible service, and the factors to which they were related.
To determine the Canadian incidence of adverse events for our population sample, we calculated national point estimates and 95% confidence intervals (CIs) using a 2-stage stratified sampling technique, and weighted the results for the total number of charts per hospital, then for hospitals per type in each province. Data from the Canadian Institute for Health Information informed all weighting. We calculated relative risk (RR) and 95% confidence intervals (CIs) to compare the incidence of adverse events between the two types of hospital.
We used logistic regression and adjusted for preadmission medical status to calculate the risk of an adverse event across age groups and types of hospital. We used similar logistic regression models to determine the preventability of adverse events.
Results
Significantly more patient charts from academic pediatric centres than from community hospitals were trigger-positive (38.8% v. 21.6%, RR 1.8, 95% CI 1.6-2.0) ( Figure 1 , Table 1 ). In total, 237 patients had adverse events during the study period. Of these, 4 patients died (4/237 = 1.7%), all of whom had been admitted to academic pediatric centres (Table 2) . Patients were significantly more likely to have an adverse event in an academic pediatric centre regardless of age (0-5 yr RR 3.8, 95% CI 2.7-5.6; > 5 yr RR 2.0, 95% CI 1.2-3.2) (Appendix 3, available at www.cmaj .ca /lookup /suppl /doi :10 .1503 /cmaj .112153/-/ DC1). The proportion agreement among the nurses for trigger-positive charts was 87% (95% CI 83%-90%); among physician reviewers, the proportion agreement for adverse events was 66% (95% CI 57%-76%).
Of patients who had adverse events, 44.7% (106/237) had at least 1 adverse event that was preventable (Table 1) ; the proportion of preventable events was higher in community hospitals (RR 0.6, 95% CI 0.4-0.8) and across all age groups, with the exception of newborns (Appendix 3).
After weighting for the sampling frame, the overall rate of adverse events was 9.2% (95% CI 5.1%-13.3%) ( Table 1) . Significantly fewer events in academic pediatric centres than in community hospitals resulted in temporary harm requiring a prolonged stay in hospital (58.6% v. 75.4%, RR 0.8, 95% CI 0.7-1.0), as well as recovery from event-related one-month impairment (42.4% v. 60.9%, RR 0.7, 95% CI 0.6-0.9) ( Table 2) .
Overall, the clinical services most responsible for the patients when adverse events occurred were surgery (35.1%), medicine (29.8%) and the ICU (13.3%) ( Table 3 ). With the exception of medicine, attributing adverse events to a responsible service differed significantly between the 2 types of hospital; surgery (RR 2.9, 95% CI 1.6-5.7) and the ICU (RR 5.6, 95% CI 1.4-34.4) predominated in academic centres, whereas emergency (RR 0.4, 95% CI 0.2-0.8) and maternity/ obstetrics (RR 0.3, 95% CI 0.1-0.8) predominated in community hospitals. Adverse events in newborns occurred less often in surgery compared with all other age groups (Appendix 3).
The factors related to adverse events differed between academic pediatric centres and community hospitals (Table 4) .
Logistic regression showed that the odds ratio (OR) for having an adverse event was significantly higher in academic pediatric centres than in community hospitals (unadjusted OR 3.31, 95% CI 2.54-4.53; adjusted OR 2.98, 95% CI 1.65-5.39) ( Table 5) . Variables relating to medical status before admission were independently associated with having an adverse event (Table 5). The incidence of preventable adverse events was not significantly different between the 2 types of hospital. Nonpreventable ad verse events were more common in academic pediatric centres than in community hospitals (adjusted OR 4.39, 95% CI 2.08-9.27) ( Table 5) .
Newborns in neonatal ICUs had significantly higher rates of adverse events than those not in neonatal ICUs (Appendix 3). Among children more than 28 days old, the weighted proportion of preventable events was significantly higher among surgical than among medical patients (Appendix 3). Our analysis of adverse events by age group and type of hospital (Appendix 3) showed most adverse events related to "other clinical management" occurred in newborns. Children under 1 year of age accounted for 75.0% of adverse events related to medical procedures (RR 16.8, 95% CI 8.8-31.5), whereas
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Interpretation
After weighting for our sampling frame, we found that significantly more children admitted to academic pediatric centres than to community hospitals in Canada had adverse events. The predominance of adverse events in academic pediatric centres remained apparent after we adjusted for preadmission medical status (high-alert medications, dependency on a technological device and having a complex chronic condition). However, these variables, characteristic of children with complex medical conditions, 20 were each independently associated with adverse events. Overall, 9.2% of children admitted to hospital had an adverse event. Adverse events related to surgery were the most frequent and predominantly occurred in academic pediatric centres. Diagnostic adverse events and those due to "other clinical management" were significantly more common in community hospitals. In community hospitals, adverse events in the emergency department were significantly more common among children aged 1-5 years than among other age groups; medically related adverse events were significantly more common in children during the first year of life. Drug-related adverse events predominated in academic pediatric centres, with children aged more than 1 year to 5 years being the Research CMAJ, September 18, 2012, 184(13) E713 Recovery in 6 mo to 1 y 2 (0. most vulnerable. Compared with other age groups, children 5-18 years of age in community hospitals had the most adverse events related to surgery, diagnostics and drugs. The higher rate of adverse events among children in academic pediatric centres has been reported previously 2, 3, 21, 22 and may be due to complexity of care, the higher number of caregivers, trainees and handovers, and different standards of documentation. The higher incidence of adverse events in newborns parallels previous reports of iatrogenic harm in neonatal ICUs. 6, 23 Children with complex medical conditions have emerged as a group with increased vulnerability to adverse events. We found a predominance of adverse events related to surgery. 2, 4 This high incidence in academic pediatric centres could be explained by the Canadian practice of performing most surgery in children under 5 years of age in such facilities.
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CMAJ, September 18, 2012, 184(13) Note: CI = confidence interval, ICU = intensive care unit, RR = relative risk. *Physician reviewers identified the clinical service responsible for patient care at the time that the adverse event occurred. For patients who experienced more than 1 adverse event, the most responsible clinical service may have differed for each or some of the adverse events. Therefore, results in this table are reported at the level of adverse events (n = 279) for the 237 patients who had 1 or more adverse events.
Research
The overall incidence of drug-related events in our study was lower than the 11.1% reported using a trigger tool specific to drug-related adverse events 5 and is closer to that reported in other studies of pediatric adverse drug events. 24, 25 This difference could be explained by the high threshold of harm we used for ascribing an adverse event. As drug-related events accounted for only 13.5% of all adverse events in our study, a wide-lens approach to improving pediatric patient safety is needed, of which safe medication delivery is but one component.
Adverse events attributed to visits to the emergency department were more common in community hospitals than in academic pediatric centres, as were diagnostic adverse events. Diagnostic errors are recognized hazards in pediatric emergency care, partly owing to emergency department physicians in community hospitals being more familiar with adult medicine than pediatric CMAJ, September 18, 2012, 184(13) E715 
Limitations
Trigger tools use retrospective chart review, which is dependent on the quality of documentation and the subjective assessment of preventability. 8 In addition, the threshold of harm we used to define an adverse event was similar to that used in national studies 26 but higher than that used in previous pediatric studies. 2, 3, 5, 6 For this reason, our results reflect the more serious events but underestimate the total harm in children admitted to hospital. By excluding transferred patients (with the exception of newborns), possibly those with more complex conditions and requiring tertiary care in an academic pediatric centre, we may have further underestimated total harm.
The variables we used to describe preadmission medical status provide only a limited view on the vulnerability of children with complex medical conditions.
Our findings may not be generalizable to all children admitted to hosptial in Canada because
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CMAJ, September 18, 2012, 184(13) Note: CI = confidence interval, OR = odds ratio. *The variables in the logistic regression model include type of hospital, age group, number and type of medications, dependency on a technological device (i.e., a device that, were it to fail or its use discontinued, would likely cause an adverse health consequence [e.g., a tracheostomy tube]), and presence of a complex chronic condition (i.e., a medical condition that lasts for 12 mo and involves several different organ systems or a single organ system requiring a high level of specialty care and admission to hospital [e.g. cystic fibrosis]). These criteria were applied to newborns if the medication, device or complex condition was prescribed, instituted or diagnosed within 24 h of birth. †Medication of any kind prescribed before the index admission. ‡Any of the following high-alert medications prescribed before admission: anticoagulant agents, antiepileptic agents, medication for gastroesophageal reflux, insulin, narcotics and/or vasoactive-cardiac medications. §Use of one or more of the following devices before admission: indwelling medication pump/nutritional support (enteral or parenteral), renal support (urinary catheter or dialysis), respiratory support (apnea monitor, home suction, pulse oximetry, tracheostomy, home oximetry), stoma care. ¶Diagnosed before admission and representing children with complex chronic conditions in June 2008.
budgetary constraints precluded studying all provinces and territories. In addition, our sampling strategy precludes understanding the proportional distribution of adverse events by age across Canada, although it does permit direct comparison between age groups.
Finally, the designation of adverse events as preventable or nonpreventable was based on the professional judgment of the physician reviewers and could thus be subject to personal bias.
Conclusion
Many children have adverse events in Canadian hospitals. Children admitted to academic pediatric centres remain most vulnerable, particularly perioperatively and while in intensive care. In community hospitals, preventable hazards are of concern in the emergency department and maternity/obstetrics ward, as well as in clinical diagnostics.
Our findings are likely not unique to Canada. Risk factors for unsafe care in pediatrics are universal, including children's physical characteristics and developmental variability. 27 We hope our results catalyze widespread efforts to improve the safety of pediatric health care in Canada.
Contributors: All of the authors contributed to the design and execution of the study. Anne Matlow, Ross Baker and Virginia Flintoft conceived and designed the study and provided ongoing monitoring. Anne Matlow and Virginia Flintoft interpreted the data and, together with Ross Baker, drafted the article. Douglas Cochrane, Maitreya Coffey, Eyal Cohen, Catherine Cronin and Robert Dubé analyzed and contributed to the interpretation of the data. Virginia Flintoft contributed to the design of the study instrument, the project manual and software development and revised the manuscript. Eyal Cohen guided the design of the database for collection of patient complexity data. Douglas Cochrane, Maitreya Coffey, Catherine Cronin, Rita Damignani, Robert Dubé, Roger Galbraith, Dawn Hartfield, Leigh Anne Newhook, and Cheri NijssenJordan acquired the data. All of the authors critically reviewed the manuscript for important intellectual content and approved the final version submitted for publication.
Funding: Funding for this study was provided by the Hospital for Sick Children Foundation, the Canadian Patient Safety Institute and the Molson Foundation. The study's sponsors had no role in the design of the study, the collection, analysis Research or interpretation of data, the writing of the report or the decision to submit the article for publication. Participating academic pediatric centres contributed a participation fee to the study and may be considered "minor sponsors." Their roles were limited to those of the medical and quality improvement leads from their organizations, some of whom are coauthors.
